Two field experiments were conducted in 2009 and 2010 to evaluate some physiological traits and yield of three hybrid rice varieties (BRRI hybrid dhan2, Heera2, and Tia) in comparison to BRRI dhan48 in Aus season. The experiments involved four planting dates (1 April, 16 April, 1 May and 16 May). Compared to BRRI dhan48, hybrid varieties accumulated greater shoot dry matter at anthesis, higher flag leaf chlorophyll at 2, 9, 16 and 23 days after flowering (DAF), flag leaf photosynthetic rate at 2 DAF and longer panicles. However, hybrid varieties demonstrated smaller remobilization of shoot reserve to grain and photosynthetic rate of its flag leaf at 9 and 16 DAF than BRRI dhan48. Heera2 and BRRI hybrid dhan2 maintained significantly higher chlorophyll a:b ratio over Tia and BRRI dhan48 at 2, 9, 16 and 23 DAF in their flag leaf. Shoot reserve remobilization to grain exhibited higher degree of sensitivity to rising of minimum temperature in the studied hybrids compared to the inbred. Inefficient photosynthetic activities of flag leaf and poor shoot reserve translocation to grain resulted poor grain filling percentage in the test hybrids. Consequently the studied hybrids showed significantly lower grain yield (ca. 36.7%) as compared to inbred BRRI dhan48, irrespective of planting date in Aus season.
INTRODUCTION
Yearly increment of rice production in Bangladesh needs to be sustained to feed her ever increasing population. But there is population Yearly increment of rice production in Bangladesh needs to be sustained to feed her ever a little scope to increase rice area (Sarker et al., 2008) rather agricultural land is declining @1% per annum (BBS, 2011) . However, the recent yield level of modern rice varieties has been reached to plateau (Bhuiyan, 2002) . For breaking the yield ceiling of conventional varieties, hybrid rice is a viable option and appropriate strategy (Kumar et al., 1998) . It can produce 15 -20% higher yield over the conventional semi-dwarf inbred variety (Longping, 2004 and Julfiquar, 2009) . Hybrid rice has been introduced in Bangladesh during the last eight years (Masum, 2009) . It has already gained positive experience in Boro season and drawn much attention of the stakeholders. Recently, a few hybrid varieties are also recommended and cultivated in T. Aman season. But report on hybrid rice cultivation in Aus season is scanty. So, it is needed to generate information on agronomic and physiological performance of hybrid rice varieties for extending its cultivation in Aus season. A non-monetary input, planting date is one of the most important factor influencing the growth and yield of rice. Planting date determines the flowering time and it greatly influences dry-matter accumulation. It is possible to increase the grain yield of hybrid rice by planting at early or optimum time of the season (Pan, et al, 1998 and Om, et al., 1996) . Under these circumstances, the present study was undertaken to evaluate some physiological characteristics and yield of hybrid rice varieties at different planting dates in Aus season.
MATERIALS AND METHODS
Two experiments were carried out at the research farm of Sher-e-Bangla Agricultural University, Dhaka and BRRI, Gazipur during (April to July) Aus season 2009 and 2010, respectively including three hybrids (BRRI hybrid dhan2, Heera2 and Tia) and one inbred (BRRI dhan48) varieties. Four planting dates (1 April, 16 April, 1 May, 16 and 16 May) were selected for each experiment. Both the experiments were laid out in split-plot design with three replications and assigned planting date to the main plot and variety to the sub-plot. The unit plot size was 4 m × 5 m (20 m 2 ). Twenty-five-day-old seedlings were transplanted maintaining 25 cm x15 cm spacing and one seedling hill -1 (for both hybrid and inbred varieties). Cowdung was applied in unit plot @ 5 t ha -1 and chemical fertilizers such as urea, triple superphosphate, muriate of potash, gypsum and zinc sulphate were applied @ 160, 100, 110, 40, and 10 kg ha -1 , respectively (BRRI, 2008) . Cowdung was applied 15 days before land preparation. All the fertilizers was applied as basal dose except urea, which was applied as top dressing in three equal installments at five days after transplanting (DAT), mid-tillering stage and panicle initiation stage. Standard intercultural operation and plant protection measures were taken as and when required. Flag leaf chlorophyll content was estimated according to Witham (1986) and flag leaf photosynthetic rate was measured with a portable photosynthesis system (Model: LI-6400, Li-COR Inc. USA) at 2, 9, 16 and 23 DAF only from the second experiment. Pre-anthesis shoot stem +(leaf) reserve translocation was calculated by net loss in dry weight of vegetative organs between pre-anthesis and maturity (Bonnett and Incoll, 1992) . Data were recorded on yield and yield components at maturity. Daily maximum and minimum temperature of the experimental field was also recorded. The collected data were analyzed using the statistical computer package programme MSTAT-C (Russell, 1986) and the difference between the pairs of treatment mean was adjudged by DMRT.
RESULTS AND DISCUSSION

Flag leaf chlorophyll content and chlorophyll a:b
All the test hybrid varieties synthesized and retained significantly higher amount of chlorophyll in their flag leaf at different DAF compared to inbred BRRI dhan48 (Table 1) . Heera2 accumulated the highest amount of chlorophyll (2.43 mg g -1 ) in its flag leaf at 2 DAF while it was the lowest in BRRI dhan48 (1.88). These results were in consistent to Tang et al., (2010) who reported that hybrid rice content higher amount of chlorophyll (SPAD) in their leaves. While Islam et al., (2006) found slightly higher chlorophyll content in the leaf of hybrids compared to inbred BRRI dhan31. Heera2 and BRRI hybrid dhan2 maintained significantly higher chlorophyll a:b in their flag leaf compared to the rest two. Tia exhibited significantly lowest chlorophyll a:b at 2 DAF (2.32) and at 9 DAF (2.07). Flag leaf chlorophyll content and chlorophyll a t b gradually decreased up to 23 DAF, irrespective of variety. The chlorophyll a t b in flag leaf declined by about 27 % in hybrids and 41 % in inbred BRRI dhan48 at 23 DAF as compared to 2 DAF. That is, BRRI hybrid dhan2 and Heera2 had higher amount of chlorophyll 'a' in their flag leaf compared to inbred BRRI dhan48 till 23 DAF. These results suggested the higher source used (flag leaf photosynthetic) by Heera2 and BRRI hybrid dhan2 over BRRI dhan48 at post heading stage in Aus season.
Flag leaf photosynthetic rate
Flag leaf photosynthetic rate significantly varied among the varieties at different DAF ( Table  2) . Maximum photosynthetic rate (33.37 µ mol CO2 m -2 s -1 ) was recorded in BRRI hybrid dhan2 at 2 DAF followed by hybrid Heera2 (32.25 µmol CO2 m -2 s -1 ). The inbred BRRI dhan48 exhibited the lowest photosynthesis rate (28.15 µmol CO2 m -2 s -1 ) in 2 DAF, which was statistically different from Tia (29.87 µmol CO2 m -2 s -1 ). This finding is partially consistent with Tang et al., (2010) also reported that photosynthetic capability of flag leaf in hybrid rice was higher. Flag leaf photosynthetic rate was the highest at 2 DAF and gradually decreased with the advancement of grain filling period, regardless of variety and planting date. Reduction of photosynthetic rate at the day 9 and 16 after flowering were 21.51% and 34.20% in BRRI dhan48 whereas average 37.70% and 45.52% in hybrids respectively compared to 2 DAT. Lower reduction of flag leaf photosynthetic rate in BRRI dhan48 probably associated with its efficient sink activities. However, at 23 DAF the rate was significantly higher in BRRI hybrid dhan2 and Heera2 indicating extended grain filling and delayed senescence compared to tia and BRRI dhan48. Relationship between shoot reserve remobilization percent and temperature A strongly negative relation exists between minimum temperature (flowering to maturity) and shoot reserve translocation to grain (%) in all the tested rice varieties (Fig. 1) . Shoot reserve remobilization to grain in all the hybrid varieties was more sensitive than the BRRI dhan48 for the minimum temperature. This finding is partially in agreement with Kanno and Makino (2010) who reported that cool night temperature favoured the carbon allocation to panicles.
Yield components
The hybrid varieties produced significantly longer panicle and higher number of spikelets panicle -1 compared to elite inbred BRRI dhan48 in both Aus seasons (Table 4 ). The variety Heera2 and BRRI hybrid dhan2 had the highest thousand grain weight in the same statistical rank and the lowest grain weight was recorded in BRRI dhan48. Planting date had no significant effect on grain size 1000-grain weight is a genotypic character controlled by genetic makeup (Yoshida, 1981) . Individual grain weight remained unchanged in the hybrids at delayed planting indicating physiological activity of sink was for temperature rise 
Grain yield
Irrespective of transplanting dates, inbred BRRI dhan48 (3.56 t ha -1 and 3.34 t ha -1 ) out yielded the studied hybrid rice varieties by producing 36.7% (average) higher grain yield in each Aus season (Table 5 ) attributed by higher number of panicles m -2 and higher spikelets filling percent. This result is consistent with findings of Horie et al., (1997) and Ying et al., (1998) who mentioned that yields of hybrid rice varieties are very much unstable across environment. It is apparent form the table that grain yield gradually decreased in delayed transplanting. The highest grain yield (4.88 t ha -1 and 3.76 t ha -1 ) was achieved from BRRI dhan48 at 1 April transplanting, which was statistically at par with Heera2 (4.50 t ha -1 and 3.31 t ha -1 ) at same transplanting date in both Aus seasons. On average, the grain yield reduction was the maximum (79.22%) in Tia at 16 May transplanting compared to 1 April transplanting while it was 49.23%, 68.89% and 38.08% in BRRI dhan2, Heera2 and BRRI dhan48 respectively i.e. grain yield of inbred BRRI dhan48 was relatively stable at different planting dates in Aus season.
CONCLUSION
In Aus season, all the studied hybrids had better vegetative growth up to heading stage but failed to provide desirable grain yield due to poor shoot reserve remobilization to the grain and inefficient photosynthetic activity of flag leaf. This poor shoots reserve remobilization in the test hybrids was associated with their higher sensitivity to rising of minimum temperature at grain filling period.
